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,QWURGXFWLRQ
.D]DNKVWDQ UDQNV QXPEHU QLQH LQ WKHZRUOG E\ DUHD EXW LWV SRSXODWLRQ GHQVLW\ LV RQH RI WKH ORZHVW&OLPDWLF
FRQGLWLRQVYDU\JUHDWO\RYHUWKH5HSXEOLFZLWKKRWGU\VXPPHUVLQWKHVRXWKZLWKWHPSHUDWXUHVUHDFKLQJ&DQG
FROGORQJZLQWHUVLQWKHQRUWKHUQDQGHDVWHUQUHJLRQVZKHUHWKHWHPSHUDWXUHGURSVEHORZ&6XFKFRQGLWLRQV
LPSRVH VSHFLDO UHTXLUHPHQWV RQ WKH TXDOLW\ DQG UHOLDELOLW\ RI HQHUJ\ VXSSO\ 7KH SURYLVLRQ RI SRZHU DQG
LPSURYHPHQWVWRH[LVWLQJSRZHUVXSSOLHVWRWKHUHPRWHUXUDODUHDVRI.D]DNKVWDQLVWKHUHIRUHDQXUJHQWWDVNDQGLV
WKHIRFXVRIDQXPEHURINH\PHGLXPDQGORQJWHUPJRYHUQPHQWSURJUDPV
&XUUHQWO\ LQ WKH DEVHQFHRI FHQWUDOL]HGSRZHU WKH HOHFWULFDO HQHUJ\ VXSSO\ LV XVXDOO\ SURYLGHGE\JHQHUDWLQJ
SODQWV EDVHG RQ GLHVHO RU JDV SLVWRQ HQJLQHV VROHO\ JHQHUDWLQJ HOHFWULFDO SRZHU PRQRJHQHUDWLRQ 7KH HQHUJ\
HIILFLHQF\RIVXFKV\VWHPVW\SLFDOO\GRHVQRWH[FHHG+HDWLQJRQWKHRWKHUKDQGLVPDLQO\SURYLGHGE\IXUQDFH
FRPEXVWLRQRIVROLGIXHOVZLWKHQHUJ\HIILFLHQF\LQWKH±UDQJH







6LQFH WKH V WKH DSSOLFDWLRQ RI JHRWKHUPDO KHDW SXPS *+3 WHFKQRORJLHV IRU KHDWLQJ DQG FRROLQJ KDV
SURJUHVVHGUDSLGO\>±@
'HVSLWHLWVDGYDQWDJHV*+3LVQRWZLGHO\XVHGLQ.D]DNKVWDQGXHWRWKHKLJKFRVWRILPSRUWHGHTXLSPHQW WKH
LQHYLWDEOH LQFUHDVH LQ HOHFWULFDO HQHUJ\ FRQVXPSWLRQ DQG D ODFN RI VXIILFLHQW LQIUDVWUXFWXUH WR VXSSRUW GHVLJQ
LQVWDOODWLRQDQGVHUYLFHRUJDQL]DWLRQV
7KHDLPRIWKLVZRUNLVWRFUHDWHDQHZJHQHUDWLRQRISRZHUJHQHUDWLRQHTXLSPHQWWRSURYLGHDXWRQRPRXVHQHUJ\
VXSSOLHV DW UHPRWH VLWHV WR HQKDQFH LQGXVWULDO SURGXFWLRQ DQG ZLGHVSUHDG XVH RI WKLV WHFKQRORJ\ WKURXJKRXW WKH
FRXQWU\
%DVHGRQWKHDQDO\VLVRIWKHODWHVWDFKLHYHPHQWVLQWKLVILHOG>±@DXWKRUVRIWKLVSDSHUPDGHDQDVVXPSWLRQ
WKDW FRPELQLQJ D FRJHQHUDWLRQ V\VWHP RQ WKH EDVLV RI ,&( DQG *+3 ZLWK GLUHFW PHFKDQLFDO GULYH DOORZV WR
VLJQLILFDQWO\ LQFUHDVH WKH HIILFLHQF\ RI DXWRQRPRXV HQHUJ\ VXSSO\ V\VWHPV LQ WKH FDVH RI FRQVLGHUDEOH VHDVRQ
IOXFWXDWLRQVLQHOHFWULFLW\DQGKHDWLQJGHPDQGV
7KHDQDO\VLVRI IRVVLO IXHOFRQVXPSWLRQIRUDFRPELQHGHQHUJ\VXSSO\RI VWDQGDUGEXLOGLQJSODFHG LQGLIIHUHQW









:KHQHOHFWURPDJQHWLF FRXSOHUV(&DQG(&DUH VZLWFKHGRQ WKH ,&( URWRU¶V VSLQQLQJ LV WUDQVIHUUHG WR WKH
KHDW SXPS FRPSUHVVRUV 7KH KHDW SXPSV FRQWDLQ ZD\ YDOYHV E\ZKLFK LW LV SRVVLEOH WR UHYHUVH WKH KHDW IORZ
GLUHFWLRQVWKHFRQGHQVHU&EHFRPHVDQHYDSRUDWRU(DQGYLFHYHUVD
7KHUPDOHQHUJ\JHQHUDWHGE\ WKH ,&( LVGLVFKDUJHGZLWKH[KDXVWJDVHVDQGIURPWKHZDWHU MDFNHW+HDWRI WKH








IURP ,&( & ± FRQGHQVHU ( ± HYDSRUDWRU (* ± HOHFWULF JHQHUDWRU (& ± HOHFWURPDJQHWLF FRXSOLQJ 36) ± SRZHU VXSSO\ IHHGHU

)LJ*HQHUDOL]HGWHFKQLFDOVWUXFWXUHRIWKHWULJHQHUDWLRQSODQW7*3











2.2 Simple cogeneration of electrical and heat power by the TGP in cogeneration mode (CG) 
)LJXUH  E VKRZV KRZ WKH 7*3 FDQ EH VHW XS IRU WKH FRJHQHUDWLRQ RI ERWK KHDW DQG HOHFWULFLW\ 7KH SODQW































2.4 Trigeneration. Simultaneous production of electricity, heat and cold. Mode "TG" 
$QHFHVVLW\RI7*FRQILJXUDWLRQDULVHVLQFDVHVZKHQ\RXQHHGVLPXOWDQHRXVJHQHUDWLRQRIHOHFWULFLW\KHDWDQG
FROGHJIRUFRROLQJ










x +HDW SXPS+3 ZD\ YDOYH LV VZLWFKHG WR GLUHFW ORZJUDGH KHDW UHPRYLQJ IURP WKH JHRFROOHFWRU LQWR WKH
KHDWLQJV\VWHP











SODLQVDQG ORZODQGV WKHDQQXDODQGPRQWKO\ WHPSHUDWXUHVYDU\IURPQRUWK WRVRXWK7KHDYHUDJHDLU WHPSHUDWXUH
WKURXJKRXWWKHSODLQDQGORZODQGSDUWRIWKHFRXQWU\LVSRVLWLYH,QWKHQRUWKLWLV&LQVRXWKHUQPRVWUHJLRQV
LW UHDFKHV  & ,QPRXQWDLQRXV DUHDV WKH DYHUDJH WHPSHUDWXUH GURSVZLWK DOWLWXGH 7KH FROGHVW PRQWKV LQ
.D]DNKVWDQDUH-DQXDU\DQG)HEUXDU\7KHDYHUDJHWHPSHUDWXUHLQWKHQRUWKLV&DQGLQWKHVRXWK&,Q
WKHQRUWKWHPSHUDWXUHVFDQVRPHWLPHVUHDFK&ZKLOHLQWKHVRXWKWKHWHPSHUDWXUHUDUHO\GURSVEHORZ&
7KHZDUPHVWPRQWK LQ.D]DNKVWDQ LV -XO\ZLWK DYHUDJH WHPSHUDWXUHV LQ WKHQRUWKRI & DQG LQ WKH VRXWK
&7KHKLJKHVWWHPSHUDWXUHLQWKHQRUWKGRHVQRWH[FHHG&DQGLQWKHVRXWK&>@
)RUWKHSXUSRVHVRIDQDO\VLVWKHFRXQWU\LVGLYLGHGLQWRWHPSHUDWXUH]RQHVEDVHGRQWKHQXPEHURIGHJUHHGD\VRI
KHDWLQJ LQ WKH UHJLRQ 7KH GHJUHHGD\ LV DQ LQGLFDWRU REWDLQHG E\ HYDOXDWLQJ WKH GLIIHUHQFH EHWZHHQ WKH DLU
WHPSHUDWXUH LQVLGH WKH KHDWHG SUHPLVH DQG WKH DYHUDJH RXWGRRU WHPSHUDWXUH GXULQJ WKH KHDWLQJ SHULRG DQG WKHQ
PXOWLSO\LQJ LWE\ WKHGXUDWLRQRI WKHKHDWLQJSHULRG7KHKHDWLQJSHULRG LVGHILQHGDV WKHQXPEHURIGD\VZLWKDQ
DYHUDJHWHPSHUDWXUHEHORZ&LQDFFRUGDQFHZLWKQDWLRQDOVWDQGDUG&15RI5.7KLVUHVXOWV LQ
WKHIROORZLQJILYH]RQHV)LJXUH





x Zone III ±GHJUHHGD\V  WKH WHUULWRU\RI FHQWUDO.D]DNKVWDQZLWK DQ DYHUDJH WHPSHUDWXUH GXULQJ WKH
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&RQFOXVLRQ
7KHHQHUJ\VDYLQJVDFKLHYHGE\WKHDSSOLFDWLRQRIFRJHQHUDWLRQSODQWVWRUHVLGHQWLDOEXLOGLQJVLQUHJLRQVKDYLQJ
VLJQLILFDQW VHDVRQDO WHPSHUDWXUH YDULDWLRQV LV FRPSOH[ DQG GRHV QRW QHFHVVDULO\ OHDG WR WKH H[SHFWHG HFRQRPLF
HIIHFWV$QQXDOUHGXFWLRQVLQIXHOFRQVXPSWLRQDUHOHVVWKDQIRUWKHZDUPFOLPDWH]RQHVRI.D]DNKVWDQDQG
IRUWKHFROGUHJLRQV
7KHXVHRID WULJHQHUDWLRQSODQWDV WKHPDLQHQHUJ\VRXUFH LQDXWRQRPRXVV\VWHPVFDQ UHVXOW LQD WKUHHIROGRU
PRUHUHGXFWLRQ LQIRVVLO IXHOFRQVXPSWLRQZKHQFRPSDUHG WRPRQRJHQHUDWLRQ7KLVDSSOLHV WRDOO WKH LQYHVWLJDWHG
WHPSHUDWXUH]RQHVLQ.D]DNKVWDQDQGLVDFFRPSDQLHGE\UHGXFHGJUHHQKRXVHJDVHPLVVLRQV
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